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The present invention is directed to an athletic shoe including a upper and a sole. 
The sole includes a cushioning bladder including a sealed, fluid-filled tube (100) 
disposed about the perimeter of the shoe. In one embodiment, the bladder 
includes lateral and medial portions extending about the heel and forwardly 
towards the forefoot to define a central region occupying a substantial portion of 
the heel and forefoot of the shoe. No portion of the tube extends within the 
central region, which may be occupied by ambient air or by a second bladder or 
chamber which is not in fluid communication with the tube. In an alternative 
embodiment, the bladder includes a tube having lateral, medial and transverse 
portions, with the transverse portion extending between the medial and lateral 
portions at the instep area of the shoe, to define a central forefoot region. In a 
further alternative embodiment, both a central forefoot and a central heel area 
may be defined. The shoe may further include a substantially rigid footframe 
disposed directly above the bladder and spanning the lateral and medial sides. 
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(54) Shoe sole including a peripherally-disposed cushioning bladder 



(57) The present invention is directed to an athletic 
shoe including a upper and a sole. The sole includes a 
cushioning bladder including a sealed, fluid-filled tube 
(100) disposed about the perimeter of the shoe. In one 
embodiment, the bladder includes lateral and medial 
portions extending about the heel and fbrwardly towards 
the forefoot to define a central region occupying a sub- 
stantial portion of the heel and forefoot of the shoe. No 
portion of the tube extends within the central region, 
which may be occupied by ambient air or by a second 
bladder or chamber which is not in fluid communication 
with the tube, in an alternative embodiment, the bladder 
includes a tube having lateral, medial and transverse 
portions, with the transverse portion extending between 
the medial and lateral portions at the instep area of the 
shoe, to define a central forefoot region. In a further 
alternative embodiment, both a centra) forefoot and a 
central heel area may be defined. The shoe may further 
include a substantially rigid footframe disposed directly 
above the bladder and spanning the lateral and medial 
sides. 



FIG. 2f 
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Description 

BACKGROUND OF THE INVENTION 

Technical Field 5 

The present invention is directed to footwear, and in 
particular, to a shoe sole having a sole including a 
sealed, fluid-filled viscoelastic cushioning element such 
as a gas-filled bladder. 

The Prior Art 

Footwear including soles made of a resiliency com- 
pressible midsole disposed above a substantially flexi- 
ble, wear-resistant outsole are known in the art. Such 
midsoles have been made of conventional foam materi- 
als, for example, ethylene vinyl acetate (EVA) or poly- 
urethane which compress resiliency under an applied 
load and dampen to provide cushioning. The outsoles 
have been made of conventional wear-resistant materi- 
als such as a carbon-black rubber compound. Conven- 
tional foam materials are resiliency compressible, in 
part, due to the inclusion in the foam of open or closed 
cells defining a inner volume that is substantially dis- 
placed by gas. That is, the foam can include bubbles 
formed in the material which include air therein. How- 
ever, after repeated compression, foam materials dete- 
riorate, in particular, by compaction. The cell structure 
collapses, resulting in decreased compressibility of the 
foam. Thus, the overall cushioning of the midsole dete- 
riorates. 

One way to overcome the drawbacks of using con- 
ventional foam materials is disclosed in U.S. Patent No. 
4,183,156, in which cushioning is provided by inflatable 
inserts made of elastomeric materials. The inserts 
include a plurality of tubular chambers which extend 
substantially longitudinally throughout the length of the 
shoe. The chambers are in fluid communication with 
each other at the forefoot and jointly extend across the 
width of the shoe. In one embodiment, the insert is dis- 
posed upon a relatively thick outsole, within the shoe 
upper. A moderator is placed over the insert and also is 
disposed within the shoe upper. The moderator is made 
of a semi-flexible material which allows it to conform to 
the changing contours of the plantar surface of the 
wearer's foot. The shoe upper is secured to upper sur- 
faces of the outsole such that the outsole, the lower side 
portions of the shoe upper and the moderator define a 
chamber in which the insert is contained. In a second 
embodiment, the insert is disposed within a cavity 
formed in an elastic portion of the outsole. 

In each of the above-described embodiments, 
cushioning is provided, at least in part, by resilient com- 
pression of the elastic insert. However, in the first 
embodiment, compression of the insert requires relative 
movement of the foot with respect to the upper, within 
the volume defined by the upper, moderator and out- 



sole. Relative movement between the foot and the 
upper can cause callouses, blisters and other problems. 
Further, positioning of the insert within the upper is 
inherently restrictive, for example, the degree to which 
the insert may elastically deform under load is inhibited. 
Thus, the degree to which the insert can be com- 
pressed and the degree of cushioning which can he pro- 
vided thereby is limited. In the second embodiment, the 
overall cushioning achieved by the sole is due in part to 
the foam elastic material which is disposed about the 
inflated insert. "Thus, when the foam material deterio- 
rates, the quality of cushioning afforded by the shoe can 
decline. As with the upper in the first embodiment, the 
elastic material disposed about the insert can restrict 
the degree to which it can compress, thereby limiting 
cushioning. 

In U.S. Patent No. 4,219,945, an inflated insert may 
be encapsulated in a foam material. The combination of 
the insert and the encapsulating material functions as 
the midsole. An upper is cemented to the upper surface 
of the encapsulating material and an outsole or tread 
member may be fixed to the lower surface. As with the 
second embodiment of the above-discussed patent, the 
degree to which the insert may compress and thus the 
cushioning provided thereby, is limited by the encapsu- 
lating material. Overall cushioning can decrease as the 
foam material deteriorates with use, and the use of a 
completely encompassing foam increases the weight of 
the shoe. Further, the impact response of such a sole 
structure is determined by the combined effects of both 
the insert and the foam material. Factors such as the 
relative volume of the two elements, the type of foam 
material used and the pressure of the enclosed gas var- 
ies the amount each element contributes to the impact 
response and the nature of the response. Accordingly, 
the use of both foam material and an insert can compli- 
cate engineering the cushioning response to particular 
requirements. 

U.S. Patent No. 4,817,304, incorporated by refer- 
ence, discloses a foam encapsulated air insert in which 
gaps a left along the sides of the encapsulating mem- 
ber. When the midsole is compressed, the insert 
expands into the gaps. Thus, the gaps provide 
decreased stiffness in compression of the midsole, 
while reducing the overall weight of the shoe. Further, 
by appropriately locating the gaps, the overall impact 
response characteristics can be tuned along the length 
of the shoe. However, as with the above-discussed pat- 
ent, the use of a substantial quantity of foam material 
throughout the shoe midsole increases the weight of the 
shoe, inhibits flexibility and increases the stiffness in 
compression of the midsole at locations other than the 
gaps. Further, the midsole suffers the drawback of dete- 
rioration of the overall cushioning a the foam material 
degrades with use. 

U.S. Patent No. 4,722,131, incorporated by refer- 
ence, discloses a air cushioning sole made of an elasto- 
meric material which is disposed between an upper and 
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a shoe bottom sole. The cushioning sole may be formed 
by blow molding and in one embodiment, includes two 
separate sections which jointly extend across the length 
and width of the shoe. Each section includes a separate 
air valve to allow the cavities to be inflated to a different 
pressure. 

In one embodiment, the cushioning sole includes a 
forefoot section formed to include a forefoot chamber 
extending along the medial and lateral sides of the fore- 
foot, and a plurality of transverse chambers extending 
across the shoe between the lateral and medial portions 
of the forefoot chamber. The sole also includes a sepa- 
rate heel section, and a separate air value to inflate 
each section. The transverse chambers are in fluid 
communication with each other by small connecting 
tubes formed between each transverse tube along the 
longitudinal axis of the cushioning sole, with the forward 
and rear transverse chamber linked to the forefoot 
chamber. 

Since the forefoot chamber is in fluid communica- 
tion with the transverse chambers, the cushioning area 
covered by the forefoot cavity is essentially the entire 
forefoot of the shoe. Thus the effective volume of the 
cushioning sole at the forefoot is large relative to the 
area of the shoe it covers, potentially making the cush- 
ioning sole unstable. This instability may he overcome 
by greatly increasing the pressure within the cushioning 
sole. However, increasing the pressure to a level which 
overcomes the instability can result in a cushioning sole 
having a greatly increased stiffness in compression, 
thereby making the cushioning sole too firm to provide 
an acceptable level of cushioning. Further, large 
increases in pressure will cause the walls of the cham- 
bers to distend, forming an uneven surface which can 
require that the cushioning sole be foam encapsulated, 
which results in the further drawbacks discussed above. 

It is known from DE-A-3317460 to provide a shoe 
comprising a sole having heel and forefoot areas, said 
sole having a perimeter and a central region, and com- 
prising a sealed, fluid-filled tube with resilient elasto- 
meric walls disposed about the perimeter of said sole, 
said tube including medial and lateral portions and 
extending generally about the heel area of said shoe 
and forward along the medial and lateral sides of the 
shoe and generally about the forefoot area to define 
said central region between the medial and lateral por- 
tions, said central region occupying a substantia) por- 
tion of the heel and forefoot areas. 

SUMMARY OF THE INVENTION 

The present invention is characterised over the dis- 
closure of DE-A-331 7460 in that a bladder includes said 
tube and includes upper and lower portions extending 
between the medial and lateral portions of said tube, 
said upper and lower portions and said medial and lat- 
eral portions defining therebetween a sealed, fluid-filled 
chamber having a thickness less than the thickness of 



the heel area of said tube, said sealed chamber being 
isolated out of fluid communication from said tube. 

The present invention is directed to a shoe having 
heel and forefoot areas and including a sole which 

5 includes a bladder and a central region. The bladder 
includes a sealed, fluid-filled tube disposed about the 
perimeter of the shoe. The tube includes medial and lat- 
eral portions and extends about the heel area of the 
shoe and forward along the medial .and lateral sides of 

10 the shoe and generally about the forefoot area to define 
the central region between the medial and lateral por- 
tions. The central region occupies a substantial portion 
of the heel and forefoot areas. 

In a further embodiment the tube contains a gas 

is which is pressurized above ambient pressure. 

In a further embodiment, the central region is occu- 
pied by ambient air. 

In a further embodiment, a second bladder is dis- 
posed within the central region. The second bladder is 

20 sealed and is isolated out of fluid communication from 
the tube. 

In a further embodiment, the bladder includes a 
portion extending between the medial and lateral por- 
tions of the scaled tube. The shoe further includes a 

25 second sealed bladder disposed upon the portion and 
isolated out of fluid communication from the tube. 

A shoe according to the present invention is simple 
and inexpensive to manufacture. Further since substan- 
tially all of the cushioning is provided by the fluid-filled 

30 insert the cushioning characteristics are easily tunable, 
for example, the cushioning provided at different loca- 
tions of the shoe can be made to match the expected 
loads. By eliminating the need for a layer of foam cush- 
ioning material in the midsole, the shoe can be* made 

35 lightweight, and the midsole can undergo maximum 
deflection to provide cushioning with reduced elevation 
of the foot. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 

Figure 1a is a side view of a shoe including a blad- 
der according to the invention. 
Figure 1b is an opposite side view of the shoe 
shown in Figure 1a. 
45 Figure 1 c is a rear view of the shoe shown in Figure 
1a. 

Figure id is a partially broken away underside new 
of the shoe shown in Figure 1a. 
Figure 1e is a transverse cross-sectional dew of the 
so shoe shown in Figure 1a. 

Figures 2a-2e are views corresponding to the views 
of Figures 1a-1e for a variation of the shoe shown 
therein. 

Figure 2f is an exploded perspective view of the 
55 outsole, bladder and footframe of the shoe shown in 
Figures 2a-2e. 

Figure 2g is an underside view of the footframe 
shown in Figures 2a-2f. 
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Figure 2h is a transverse cross-sectional view of a 
variation of the shoe shown in Figures 2a-2g. 
Figure 3a-3c are transverse cross-sectional views 
of variations of the shoe shown in Figures 1a-1e. 
Figure 4a is an overheal view of the bladder accord- 
ing to the present invention as shown in the shoes 
of Figures 1a and 2a. 

Figures 4b-4n are overhead views of variations of 
the bladder according to the invention. 
Figure 5 is a side view of shoe according to the 
invention in which the bladder and outsole are 
formed as one integral element. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

With reference to Figures 1 a-1 e, a shoe, and in par- 
ticular an athletic shoe, incorporating the present inven- 
tion, is shown. Shoe 1 includes conventional upper 3 
and sole 5. Sole 5 includes midsole 100 and outsole 7. 
If desired, conventional insole 6 may be disposed on the 
horizontal surface of upper 3. Outsole 7 is conventional 
and may include tread members 8. Midsole 100 is a 
sealed elastomeric bladder containing a fluid such as a 
gas which may be pressurized above ambient pressure, 
and is shown in Figure 4a. Midsole 100 includes only 
the bladder, and no other cushioning element, that is, no 
further cushioning element such as a layer of foam is 
required. Upper 3 is secured to the upper surfaces of 
bladder 100, and outsole 7 is disposed directly beneath 
bladder 100, and are secured to bladder 100 in a con- 
ventional miner, for example, by a conventional adhe- 
sive such as cement. No further element is disposed 
between bladder 100 and each of outsole 7 and upper 
3. The outer surfaces of bladder 100 form the exterior 
surfaces of the sole at all locations above outsole 7 and 
below upper 3, and entirely about the periphery of the 
shoe. 

With further reference to Figure 4a, the structure of 
bladder 100 is shown. Bladder 100 is a sealed, fluid- 
filled, continuous hollow tube having a shape which 
approximates the outline of a wearer's foot. The cross- 
sectional shape of bladder 100 is generally circular, with 
the cross-section having a larger diameter at the heel or 
rearfoot, for example, 20 mm, and diminishing towards 
the forefoot, for example, to 10 mm. As discussed fur- 
ther below, bladder 100 is disposed about the periphery 
or perimeter of shoe 1 and surrounds a essentially 
empty region or space 1 3, that is, a space containing no 
further elements of the shoe. Accordingly, space 13 may 
contain air at ambient pressure. Bladder 100 preferably 
is pressurized between 1 5 psi and 50 psi above ambient 
pressure. Although bladder tube 100 is disclosed as 
having a circular cross-section, tube 100 could also 
have other cross-sectional shapes, for example, oval or 
rectangular. 

Bladder 100 may be made by any Known technique, 
for example, by blow-molding in which a liquified elasto- 



meric material is placed in a mold having the dereed 
overall shape and configuration of bladder 100. The 
mold has an opening at one location through which 
pressurized air is provided. The pressurized air forces 

5 the liquified elastomeric material against the inner sur- 
faces of the mold and causes the material to harden in 
the mold to form a bladder, having the preferred shape. 
Preferred materials from which bladder 100 may be 
made and preferred gases which may be used to inflate 

w bladder 1 00 include those disclosed in the above-refer- 
enced Patent No. 4,817,304, for example, the bladder 
maybe made of: polyurethane; ethylene vinyl ace- 
tate/polyethylene copolymer; ethylene vinyl ace- 
tate/polypropylene copolymer; neoprene; or polyester, 

is and may be inflated with hexaf luoroethane or sulfur hex- 
afluoride. 

When completely constructed, shoe 1 includes 
bladder 100 disposed about the perimeter of the shoe. 
Bladder 100 includes medial portion 101 and lateral 

20 portion 102 which jointly extend about the heel area of 
shoe 1, and forward along the medial and lateral sides 
of shoe 1 towards and about the forefoot area. As 
shown, bladder 100 may be disposed about the entire 
perimeter of shoe 1 and thereby entirely surround cen- 

25- tral region 13, defining central region 13 to occupy a 
substantial portion of forefoot area 14 and rearfoot or 
heel area 12 of sole 15. In general, the heel area of the 
sole would underlie the calcaneus and talus bones of 
the foot, and the forefoot area would underlie the pha- 

30 lages and the distal ends of the metatarsals. No portion 
of the sealed tube extends into the central region. Thus, 
central region 13 is an empty space, and may contain 
only air at ambient pressure. 

The total area of the sole may be defined within the 

35 perimeter of the sole. Central region 13 also encom- 
passes an area. The size of the latter area is a substan- 
tial fraction of the size of the former area. Preferably, the 
area of central region 13 is at least half the size of the 
total area of the sole. For example, the area of the sole 

40 corresponding to a man's size 9 shoe may be 35.91 
square inches, and the area of central region 13 may be 
21.34 square inches. Thus, the area of the central 
region may be 59.4% of the total area of the sole. 
In the embodiment of Figures 1a-1e and 4a, blad- 

45 der 100 extends about the entire periphery of the shoe, 
defining central region 13, and bladder 100 encom- 
passes substantially all of both the heel and forefoot 
areas of the sole. Alternatively, medial portion 101 and 
lateral portion 102 could terminate along the sides of 

so the forefoot and/or along the extreme rear edge of the 
heel so as to leave a gap, as in bladder 1 00' and in blad- 
der 100", shown in Figures 4m and 4n, respectively. 
That is, the tube could extend generally about the heel 
and forefoot area of the shoe. In this situation, though 

55 central region 1 3 would still occupy a substantial portion 
of the sole, central region 13 would not be completely 
surrounded. That is, central region 13 may occupy a 
substantial portion of the heel and/or forefoot areas. 
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Upper 3 bridges the lateral and medial portions of 
bladder 100, and along with outsole 7, provides an 
upper and lower boundary, respectively, for central 
region 13. Since upper 3 generally is made of a rela- 
' trvety thin and flexible material, downward force from the 
foot is transferred freely through upper 3 to bladder 100, 
which compresses. Simultaneously, upward force is 
applied to outsole 7 by ground contact, and this force is 
transmitted directly to bladder 100. Bladder 100 com- 
presses and dampens due to the applied forces to pro- 
vide cushioning of the impact force. Since bladder 100 
is compressible, and outsole 7 is substantially incom- 
pressible, bladder 100 provides substantially the entire 
cushioning for the shoe. TTius, the cushioning charac- 
teristics for the shoe are determined substantially 
entirely by bladder 100, which can be engineered and 
manufactured to provide desired cushioning quality. 

Bladder 100 provides support for the foot. However, 
since bladder 100 does not extend into central region 
13, the effective volume of bladder 100 is small relative 
to the overall area of the shoe it covers. That is, in prior 
art shoes in which the bladders extend entirely across 
the width and length of the shoe, the volume of the blad- 
der would be approximately equal to the area of the sole 
times the height of the bladder. However, the volume of 
bladder 100 according to the invention is approximately 
equal to the cross-sectional area of the tube times the 
overall length, which is significantly less than a shoe 
constructed according to the prior art. Due to the rela- 
tively low effective volume, bladder 100 can be pressu- 
rized to a level sufficient to provide adequate 
cushioning, without sacrificing stability by under-pressu- 
rizing, or on the other hand, sacrificing compressibility 
by over-pressurizing. In a preferred embodiment, blad- 
der 100 may be pressurized to 35-40 psi above ambient 
pressure. 

With reference to Figures 2a-2g, a shoe according 
to a variation of the invention is disclosed. Shoe 10 fur- 
ther includes footframe 9 disposed directly above blad- 
der 100. Upper 3 is secured to footframe 9. The outer 
surfaces of bladder 100 form the exterior surfaces of the 
sole at all locations above outsole 7, below footframe 9 
and entirely about the periphery of the shoe. Footframe 
9 includes horizontal surface portion 9a extending 
across the width and length of the shoe such that a sub- 
stantial portion of the foot of the wearer imparts a load 
upon the upper surface of footframe 9. Footframe 9 
includes an upwardly extending peripheral region which 
serves to provide stability to the foot. The lower side of 
footframe 9 includes a recessed region formed about 
the periphery and outlining the same overall shape as 
bladder 100, and shaped to conform to the upper sur- 
faces of the bladder. Bladder 100 is secured to foot- 
frame 9 at the peripheral recessed region in a 
conventional manner, for example, by a conventional 
adhesive. Footframe 9 thus spans or bridges the lateral 
and medial portions of bladder 100, and provides a 
upper boundary for central region 13. Bladder 100, out- 



8 

sole 7 ad footframe 9 jointly enclose central region 13. 

TTie material from which footframe 9 is manufac- 
tured, for example, nylon, can be flexible or semi-rigid 
when free-standing. However, when shoe 10 is manu- 

5 factured, the stiffness of footframe 9 is increased to 
adhesion to the shoe upper and sole elements. Thus, in 
assembled shoe 10, footframe 9 can be semi-rigid or 
rigid and incompressible, allowing for transfer of applied 
forces to bladder 100. The upper flat surface of foot- 

10 frame 9 provides a platform for distributing loads 
imparted to the sole. Footframe 9 bridges the lateral and 
medial sides of bladder 100, transferring downward 
force from the foot to bladder 100, which compresses. 
Simultaneously, upward force is applied to outsole 7 by 

15 ground contact, and this force is transferred directly to 
bladder 100. 

As in the above-discussed embodiment, bladder 
100 compresses due to the applied forces to provide 
cushioning against impact. Since bladder 100 is com- 

20 pressible, and footframe 9 and outsole 7 are substan- 
tially incompressible, bladder 100 provides substantially 
the entire cushioning for the shoe. Thus, the cushioning 
characteristics for the shoe are determined substantially 
entirely by bladder 100. 

25 Figure 2h shows a variation of the embodiment 
shown in Figures 2a-2g. Outsole 7 is modified so as to 
include only a peripheral portion which is disposed 
beneath bladder 100. Since the central portion of the 
outsole is eliminated, the bottom of the shoe is open to 

30 footframe 9. 

With reference to Figures 3a-3c, 4i ad 4j, variations 
of a bladder according to the present invention are 
shown. In Figures 3a and 4i, bladder 180 includes blad- 
der tube 180a having substantially the same form as 

35 bladder 100 in the above-described embodiments. 
Bladder 180 also includes integrally formed, upper hori- 
zontal surface portion 181 extending between the upper 
surfaces of the medial and lateral portions of bladder 
tube 180a, and lower horizontal surface layer 183 

40 extending between the lower surfaces of the medial and 
lateral portions. Bladder tube 180a and layers 181 and 
183 define a sealed interior chamber 1 15 which may be 
filled with fluid, for example, the same types of pressu- 
rized gases used to inflate tube 180. Pressurized cham- 

45 ber 1 15 would serve to enhance comfort and act as a 
secondary cushion, supporting and cushioning the foot 
against larger loads, which might exceed the cushioning 
capability of the primary cushioning provided by bladder 
tube 180. However, since bladder tube 180 and cham- 

so ber 115 are isolated out of fluid communication from 
each other, the provision of chamber 1 15 has no direct 
effect upon the stiffness in compression exhibited by 
bladder tube 180. - 

As shown with further reference to Figure 3a and to 

55 Figure 5, bladder 180 may include integrally formed 
peripherally disposed tread members 1 82, thereby elim- 
inating the need for a separate outsole. That is, the 
bladder and outsole are combined into one element. 
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Bladder 180 would thus comprise the entire midsole 
and outsole for the shoe. The integrated bladder tube 
180 and treads 182 can be made of the same material 
and are formed simultaneously, for example, by the 
blow-molding technique discussed above. Accordingly, 
by elimination of a separate outsole, a lighter shoe may 
be manufactured with less expense. As shown in Figure 
5, the shoe could further include footframe 9 as 
described above. 

With reference to Figure 3b, a shoe is shown which 
is similar in construction to the embodiment of Figures 
1a-1e, and includes upper 3 disposed directly above 
bladder tube 100 to define an upper boundary for cen- 
tral region 13. In Figure 3b, a separate fluid-filled blad- 
der 17 is disposed within central region 13. Bladder 17 
rests upon the upper surface of outsole 7. Bladder 17 
may be pressurized, and would serve generally the 
same function as enclosed chamber 1 15 in Figure 3a. 

With reference to Figures 3c and 4j, bladder 190 
includes bladder tube 190a and horizontal layer 191 
extending between the medial and lateral portions of the 
tube. Layer 191 is disposed at a location between the 
upper and lower surfaces of tube 190a. Layer 191a and 
the lower surface of upper 3 jointly form enclosed cham- 
ber 19, generally at the location of central region 13 as 
shown in the above-discussed figures. Separate fluid- 
filled bladder 21 is disposed in chamber 19 and may be 
pressurized. Bladder 21 is isolated from bladder tube 
190a and serves substantially the same purpose as 
interior chamber 1 15 in Figure 3a and bladder 17 in Fig- 
ure 3b. Bladder 21 could be a flat cushioning bladder as 
disclosed in ay one of U.S. Patent Nos. 5.245,766, 
5,083,361 or 4,906,502, incorporated by reference. 

With reference to Figures 4b-4h and 41, further var- 
iations of the bladder according to the invention are 
shown. In Figure 4b, bladder 1 10 includes sealed, fluid- 
filled perimeter tube 110a including medial portion 111 
and lateral portion 1 12 which would be disposed about 
the perimeter of the shoe, as shown in the above-dis- 
cussed figures. Bladder 110 further includes transverse 
portion 113 extending between medial portion 111 and 
lateral portion 1 1 2 at a location which would be between 
the heel and forefoot area of the shoe, that is, at a arch 
or instep sea. Transverse pertion 1 13 is in fluid commu- 
nication with perimeter bladder tube 1 10a at both ends. 
Transverse portion 113 and the section of medial por- 
tion 111 and lateral portion 112 which are disposed 
rearwardly of transverse portion 113 surround and 
define central heel region 1 14 generally at the heel sea 
of the sole. Transverse portion 113 and the section of 
medial portion 111 and lateral portion 112 which are 
disposed forwardly of transverse portion 113 surround 
and define central forefoot region 115 generally at the 
forefoot are of the sole. 

Transverse portion 1 13 is arc-shaped and would be 
disposed under the arch or instep of the foot, in general, 
between the plantar tubercle of the calcaneus and the 
metatarsal heads. Like central region 13, central heel 



region 114 and central forefoot region 115 are empty 
space, that is, contain only air at ambient pressure, and 
generally are defined below the plantar surface portion 
of the heel and the ball of the foot, respectively. Accord- 

5 ingly, bladder 110 provides additional stability for the 
foot by supporting the arch. However, since the arch 
area generally receives a relatively light load, ad since a 
empty space is maintained underlying the relatively 
heavily loaded areas beneath the ball and heel, cush- 

w ioning can be enhanced by way of decreased localized 
stiffness in compression underlying these areas, result- 
ing in greater deflection and thus reducing peak accel- 
eration and shock being transmitted to a wearer. 
Further, since even with the inclusion of transverse por- 

75 tion 113, the overall volume of the bladder remains 
small, the bladder can be inflated to a pressure which 
provides adequate cushioning and stability. 

With reference to Figure 4c, bladder 120 is shown. 
Bladder 120 is similar in structure to bladder 110, 

20 including perimeter bladder tube 120a having trans- 
verse portion 123 at the instep area which defines cen- 
tral heel region 124 and central forefoot region 125. 
Transverse portion 123 includes two sections 123a and 
123b divided by an interior wall 126. Each section 123a 

25 and 123b is in communication with medial portion 121 
and lateral portion 122 of bladder 110. 

With reference to Figure 4d, bladder 130 includes 
perimeter tube 130a having medial portion 131, lateral 
portion 132, and transverse portion 133 extending 

30 between the lateral ad medial portions at the instep 
area. Transverse portion .133 is "X-shaped" and gives 
bladder 130 an overall "figure-eight" shape. Each end of 
transverse portion 133 is in fluid communication with 
tube 130a. Figure 4e discloses bladder 140 having a 

35 similar structure. Bladder 140 includes perimeter tube 
140a having medial portion 141, lateral portion 142 and 
"X-shaped" transverse portion 143. Flat surface areas 
146 are formed between the outer quadrants of the "X". 
Thus, bladder 140 is divided into separate central fore- 

40 foot chamber 147 and central heel chamber 148 which 
are in fluid communication with each other. Forefoot 
chamber 147 surrounds and defines central forefoot 
region 145 and heel chamber 148 surrounds ad defines 
central heel region 144. 

45 With reference to Figure 4f, bladder 150 includes 
searate forefoot bladder tube 152 and heel bladder tube 
151, joined together at dividing wall 153. Wall 153 
extends between the medial and lateral sides of bladder 
150 at the instep area of the shoe. Forefoot tube 152 

so and heel tube 151 are isolated out of fluid communica- 
tion with each other. Accordingly, each tube can be 
tuned to provide a desired quality of cushioning by 
inflating the tubes to a predetermined pressure. Fore- 
foot tube 152 surrounds ad defines central forefoot 

55 region 1 55 and heel tube 1 51 surrounds ad defines cen- 
tral heel region 154. Tubes 151 and 152 are integral and 
can be formed simultaneously, for example, by Wow- 
molding. 
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With reference to Figure 4g, bladder 160 includes 
separate forefoot tube 167 and heel tube 166. Tubes 
1 66 and 1 67 are joined together by generally flat portion 
163 disposed at the instep area and are isolated out of 
fluid communication from each other. Forefoot tube 167 
surrounds ad defines central forefoot region 165 and 
heel tube 1 66 surrounds and defines central heel region 
164. Tubes 166 and 167, and generally flat portion 163 
can be manufactured simultaneously, for example, by 
blowmolding. 

With reference to Figure 4h, tubular bladder 170 is 
shaped similarly to bladder 100 shown in Figure 4a. 
Bladder 170 includes flex portions 171 hang a narrower 
diameter than the remainder of the bladder. Flex por- 
tions 1 71 are disposed along desired lines of flexion 1 72 
of the forefoot. Flex portions 171 may be disposed 
above similar flex grooves formed in the outsole, for 
example, as disclosed in U.S. Patent No. 4,562,651. 

With reference to Figure 4k, bladder 200 is shown 
ad includes perimeter tube 200a and essentially flat 
chamber 201 extending within the central region 
defined by tube 200a. Flat chamber 201 is formed with 
raised portions 202 which serve the purpose of defining 
a general support surface for underlying a wearer's foot. 
Tube 200a and chamber 201 are isolated out of fluid 
communication with each other. The thickness of flat 
chamber 201 is significantly less than that of tube 200a, 
for example, 6-10 mm as opposed to 10-20 mm. 

Chamber 201 may be pressurized to enhance com- 
fort or provide additional cushioning for extremely large 
loads to prevent bottoming-out. However, since tube 
200a and chamber 201 are not in fluid communication, 
the volume enclosed by and the pressurization of cham- 
ber 201 have no direct effect on the compressibility of 
tube 200a. Thus, tube 200a can be pressurized to pro- 
vide a predetermined level of cushioning without com- 
promising stability. 

If desired, as shown in Figure 41 with respect to 
bladder 210, chamber 201 may be manufactured as dis- 
tinct rearfoot chamber 201a and forefoot chamber 201b, 
with the rearfoot chamber pressurized, for example, to 5 
psi above ambient, so as to provide a low pressure cal- 
caneus cushioning pad relative to the forefoot chamber 
which may be pressurized, for example, to 10-35 psi 
above ambient Bladder 210 may include non-pressu- 
rized flat portion 263 which isolates chambers 201a and 
201b out of fluid communication. Further, one or more 
portions of chamber 201 can be manufactured with a 
dot weld pattern. 

This invention has been described in detail in con- 
nection with the preferred embodiments. These embod- 
iments, however, merely are for example only and the 
invention is not restricted thereto. It will be understood 
by those skilled in the art that other variations and mod- 
ifications can easily be made within the scope of this 
invention as defined by the claims. 



Claims 

1. A shoe comprising a sole having heel ad forefoot 
areas, said sole comprising an inner sole adapted 

5 to contact and support wearer's foot, an outsole 
with a ground engaging outer surface adapted to 
engage a ground surface, and a midsole interposed 
between said inner sole and said outsole said mid- 
sole spacing said inner sole from said outsole in 

10 both static and loaded conditions, said midsole 
comprising a bladder including a sealed, fluid-filled 
tube with resilient elastomeric walls disposed about 
a perimeter of said sole and extending generally 
about the heel area of said shoe and forward along 

75 the medial and lateral sides of the shoe and gener- 
ally about the forefoot area to define a central 
region occupied by ambient air between the medial 
ad lateral sides, said central region occupying a 
substantial portion of the heel and forefoot areas. 

20 

2. A shoe according to claim 1, further comprising a 
second bladder disposed within the central region, 
wherein, said second bladder is sealed and is iso- 
lated out of fluid communication from said tube. 

25 

3. A shoe according to claim 1, wherein said bladder 
includes a portion extending between the medial 
and lateral sides, said shoe further comprising a 
second permanently sealed bladder disposed upon 

30 said portion, said second sealed bladder isolated 
out of fluid communication from said tube. 

4. A shoe comprising a sole comprising an inner sole 
adapted to contact and support a wearer's foot, an 
outsole with a ground engaging outer surface 
adapted to engage a ground surface, ad a midsole 
interposed between said inner sole and said out- 
sole said midsole spacing said inner sole from said 
outsole in both static and loaded conditions, said 
sole having heel and forefoot areas, said midsole 
comprising a bladder, a central forefoot region and 
a central heel region, said bladder including a 
sealed, fluid-filled tube disposed about the perime- 
ter of said shoe, said tube including medial and lat- 
eral portions and extending generally about the 
heel area of said shoe and forward along the medial 
and lateral sides of said shoe and generally about 
the forefoot area and a transverse portion extend- 
ing between and in fluid communication with said 
medial and lateral portions, said medial, lateral and 
transverse portions defining said central heel 
region and said central forefoot region, wherein no 
portion of said tube extends into said central heel 
region and said central forefoot region. 



35 



40 
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55 

5. A shoe according to claim 4, wherein said medial 
and lateral portions are disposed about the entire 
perimeter of said shoe, and said medial, lateral and 
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transverse portions jointly entirely surround the 
central forefoot region. 

6. A shoe according to claims 4 or 5, wherein the cen- 
tral heel region js occupied by ambient air. 

7. A shoe according to any of claims 4 to 6, wherein 
said transverse portion comprises an X-shaped 
crossing member. 

8. A shoe according to any of claims 4 to 7, wherein, 
the central heel region and central forefoot region 
have a combined area which is at least half of the 
total area of the sole. 

9. A shoe having heel, forefoot and instep areas and 
comprising a sole, said sole comprising a bladder 
and a central forefoot region, said bladder including 
a sealed, fluid-filled tube, said tube having medial 
and lateral portions disposed generally about the 
forefoot area at the perimeter of said shoe and a 
transverse fluid-filled portion extending between 
and in fluid communication with said medial ad lat- 
eral portions in the instep area, said medial, lateral 
ad transverse portions generally defining said cen- 
tra! forefoot region. 

10. A shoe according to claim 9, further comprising a 
second bladder and a central heel region, said sec- 
ond bladder including a second sealed, fluid-filled 
tube, said second tube including medial ad lateral 
portions disposed substantially about the heel area 
at the perimeter of said shoe ad forward along the 
medial and lateral sides of the shoe and a trans- 
verse portion extending between and in fluid com- 
munication with said medial and lateral portions in 
the instep area, said medial, lateral and transverse 
portions of said second tube defining said central 
heel region. 

11. A shoe according to claim 9 or 10, wherein said 
second bladder is formed integrally with said first 
bladder. 

12. A shoe according to ay of claims 9 to 1 1 , wherein, 
the central forefoot region is occupied by ambient 
air. 

13. A shoe according to ay of claims 9 to 13, wherein, 
the central forefoot region has a area which is at 
least half of the total area of the forefoot area of the 
shoe. 

14. A shoe according to ay of claims 4 to 13, wherein 
said tube has a generally circular cross-sectional 
shape. 

15. A shoe comprising: 



an upper; 

a substantially rigid footframe disposed 
beneath said upper; 

5 

a bladder disposed beneath said footframe, 
said bladder comprising a sealed, fluid-contain- 
ing hollow tube extending about the periphery 
of the shoe, said footframe spanning substan- 

10 tially across the width of the shoe and having 

lateral and medial lower surfaces which are dis- 
posed upon and in contact with upper surfaces 
of said bladder, said hollow tube substantially 
surrounding a central region defined beneath 

is said footframe. 

1 6. A shoe according to claim 1 5, further comprising an 
outsole disposed below and in contact with lower 
surfaces of said bladder. 

20 

1 7. A shoe according to any of claims 4 to 7, and 1 1 to 
16, wherein the fluid comprises a gas, and said 
tube is pressurized above ambient pressure by the 
gas. 

25 

18. A shoe comprising a sole having heel and forefoot 
areas, medial and lateral sides and defining a 
perimeter, said sole comprising: 

30 an inner sole adapted to contact and support a 

wearer's foot; 

a unitary outsole member with a continuous 
ground engaging outer surface adapted to 
engage a ground surface; and 

35 a midsole interposed between said inner sole 

and said outsole, said midsole comprising a 
bladder including a sealed, fluid-filled tube with 
resilient elastomeric walls disposed about the 
perimeter of said sole and extending generally 

40 about the heel area, along the medial and lat- 

eral sides and generally about the forefoot area 
to define a central region. 
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FIG. la 
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FIG. Ic 




FIG. Id 
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FIG. 2a 




FIG. 2 b 
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FIG. 2c 
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FIG. 2f 
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FIG. 4a 




FIG. 4b 
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FIG 4c 




FIG. 4d 
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FIG. 4e 
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FIG. 4g 
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FIG. 4i 
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FIG. 41 
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FIG. 4m 
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